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DP-309452 

METHOD FOR THE DETECTION OF COATINGS USING 
EMISSIVITY AND REFLECTIVITY 

5 FIELD OF THE INVENTION 

[0001] The subject invention relates to an automotive heat exchanger 

of the type having spaced fins and, more specifically, to the detection of a coating on 
the fins. 

BACKGROUND OF THE INVENTION 
10 [0002] The heat exchangers used in automobiles for radiators are 

coated to reduce the production of ozone from air passing through the passages 
between the fins of the heat exchanger. It is important to detect the presence and 
effectiveness of the coating on the vehicle during the useful life of the heat exchanger. 

1 5 SUMMARY OF THE INVENTION AND ADVANTAGES 

[0003] The subject invention detects the presence of a coating on a 

heat exchanger of the type having spaced fins presenting electromagnetic surface 
properties different than the electromagnetic surface properties of the coating. In 
accordance with the subject invention electromagnetic rays are issued from the 
20 coating on the fins to a detector and a comparator which compares the 
electromagnetic rays to a predetermined benchmark to provide a signal in response to 
- the rays crossing the benchmark. 

[0004] Accordingly, the effectiveness of the coating, i.e., the presence 

of the coating, is continually measured to make sure the coating is reducing the 
25 production of ozone. This is accomplished by measuring the optical characteristics of 
the coating in emissivity and reflectivity, i.e., the electromagnetic properties of the 



surface of the coating. Accordingly, the primary purpose of the invention is to detect 
the integrity of the catalytic coating on an automotive heat exchanger for direct ozone 
reduction. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0005] Other advantages of the present invention will be readily 

appreciated as the same becomes better understood by reference to the following 
detailed description when considered in connection with the accompanying drawings 
wherein: 

[0006] Figure 1 is a frontal view of a heat exchanger of the type in 

which the subject invention may be utilized; 

[0007] Figure 2 is a perspective view of the heat exchanger and 

detection system of the subject invention; 

[0008] Figure 3 is a schematic view of the heat exchanger and 

detection system; and 

[0009] Figure 4 is a schematic view showing the propagation of the 

light and the attenuation of the reflected light rays passing through the heat exchanger. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0010] The optical reflectivity of a coated surface is a good method for 

detecting the integrity or delamination of the coating. Therefore, the invention 
provides a method for detecting the presence of a coating on a heat exchanger of the 
type having spaced fins having electromagnetic surface properties different than the 
electromagnetic surface properties of the coating and defining at least one passage 
between the fins. The electromagnetic surface property is a generic term covering 
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both the reflectivity and the emissivity of the coating. The reflectivity and/or 
emissivity of the coating material is substantially different from the reflectivity and/or 
emissivity of the underlying substrate, in this case, the underlying fin. 

[0011] It has been determined that a radiator surface coated with a 

5 catalytic layer that converts ozone to oxygen reflects significantly less light than an 
uncoated radiator surface. In equation form, the reflected light intensity is given by: 

I(x)=pl 0 

10 Where / is the light rays from a light source 18, I Q is the incident light, and p is the 
electromagnetic surface properties that depends on the surface. This electromagnetic 
surface property is higher for an un-coated radiator surface than for a coated one. The 
ratio of the reflected signal to the incident signal is a ratio of the two electromagnetic 
surface properties, and, accordingly, is an indicator of the surface characteristics. The 

15 effect can be substantially enhanced if the light signal bounces off the surface more 
than once. This, for example, can be obtained if light is propagated in a waveguide 
structure such as a passage defined between adjacent fins 12 in a heat exchanger 
assembly. Such a heat exchanger assembly is shown in Figure 1 in the form of an 
automotive radiator of the type including spaced fins 12. The fins 12 are supported on 

20 tubes 14 that extend between headers 16 and the fins 12 define a plurality of passages 
between the fins 12. The fins 12 are coated with an ozone reducing coating having a 
electromagnetic surface property, e.g., reflectivity, that is lower than the 
electromagnetic surface property-reflectivity-of the un-coated fins 12. Each of the 
passages between adjacent fins 12, defines a waveguide structure as illustrated in 

25 Figure 4. 
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[0012] The effective or used length of the waveguide is x 0 and the 

width is w. The planar arrangement is used for simplicity and without loss of 
generality, even though the fin 12 walls in the radiator are not parallel. The surface of 
the waveguide is coated with a material of reflectivity p(X) . A specific guided mode 
is denoted by a ray with incident angle 0. This guided mode or ray experiences a 
number of internal reflections N given by: 



N = - 



wtan(0) 

where x is the longitudinal distance traveled by the ray. If the intensity of the incident 
ray at angle 0 is I o (0), then the intensity of the guided ray is reduced by a factor given 
10 by: 



[0013] This reduction factor is significantly more pronounced than for 

15 the case of a single bounce. 

[0014] Most optical sources generate a diverging light beam, which 

upon entrance into the waveguide, i.e., passage between fins 12, generates a number 
of modes that propagate at different incidence angles. In this case, the above 
relationship must be integrated over all propagation modes in order to provide the 
20 correct relationship: 



i( x ) ~ liM^^de 
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[0015] In the above relationships, the lower order propagation modes 

that are parallel to the fin walls (0 ~ 90°) will bounce much less than the higher order 
modes, and accordingly, are much less attenuated. Two detectors 20 and 22 are 
configured such as to capture the lower order and higher order modes respectively, 
5 then the signal detected by the first detector 20 will be much less affected by the wall 
surface than the signal detected by the second detector 22. Accordingly, the first 
detector 20 can be used as a reference signal to the second detector 22. The 
normalized or comparative signal of the second detector 22 to the first detector 20 
would then be significantly affected by the wall reflectivity, and much less affected by 
1 0 the intensity of the light source 18. 

[0016] It has been determined that the signal for the case of a coated 

radiator is less than the signal of an un-coated radiator, indicating a smaller reflection 
coefficient. The higher order modes attenuate faster for the case of the coated radiator 
as compared to the un-coated one. 
15 [0017] The effects of ambient light can be eliminated through the use 

of a frequency modulated light source 18, e.g. a light emitting diode excited with an 
AC signal. 

[0018] In accordance with the invention, a coating is disposed on the 

fins 12 and has a reflection coefficient different than the reflection coefficient of the 
20 bare or otherwise undercoated fins 12, i.e., different electromagnetic surface 
properties. The light source 18 propagates light rays through the passage between the 
fins 12 for reflecting at least some of the light rays off the coating on the fins 12. 

[0019] The first detector 20 detects reflected light rays reflected off the 

coating and a comparator 24 compares the reflected light rays to a predetermined 
25 benchmark for the reflected light rays and provides a signal 26 in response to the 
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reflected light rays crossing the benchmark. In the case where the detector 20 detects 
emissivity, there would be no light source 18 and one detector 20 would look at an 
coated section 50 and the second detector 22 would look at an un-coated section 52. 
The comparator 24 may include a computer that stores a benchmark value which, 
5 when crossed, indicates that the coating is ineffective. This could be accomplished 
with one detector 20. Alternatively, it could be accomplished by including a second 
detector 22 for detecting direct light rays passing through the passage from said light 
source 18 without reflecting off the fins 12. In this case, the comparator 24 is 
responsive to the first 20 and second 22 detectors for comparing the reflected light 
10 rays to the direct light rays to measure the ratio therebetween. In this manner, the 
changing brightness of the light source 18 would not affect the measurement of the 
coating. As alluded to above, the fins 12 could include an un-coated or bare section 
52 and the second detector 22 would detect the un-coated light rays reflecting off the 
un-coated section 52. The comparator 24 would then be responsive to the first 20 and 
15 second 22 detectors for comparing the light rays reflected from the coating 50 to the 
light rays reflected from the un-coated section 52 to measure the ratio therebetween. 
Or in the case of detecting emissivity, the comparator 24 would then be responsive to 
the first 20 and second 22 detectors for comparing the light rays emitted from the 
coating 50 to the light rays emitted from the un-coated section 52 to measure the ratio 
20 therebetween. In the emissivity approach, the first detector 20 would view the coated 
section 50 of the heat exchanger, and the second detector 22 would view the 
un-coated section 52 as a reference. The emissivity of the coating on the coated 
section 50 is significantly higher than the emissivity of the bare material 52 of the 
heat exchanger. 

25 [0020] The optical emissivity 0)(for a fixed wavelength range) of 

different objects depends significantly on material composition, the uniformity of the 
object's temperature, and surface temperature. The optical reflectivity (p) of a 
material is related to its emissivity according to the formula: p-\-s. 
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[0021] Different materials have been considered as catalytic coatings 

on the surface of radiators for the purpose of direct ozone reduction as well as 
different methods of depositing these coatings, including slurries and thermal or 
kinetic spray processes. In general, the surface texture of the deposited coatings is 
5 much rougher than the aluminum, which is the base material of most radiator (heat 
exchanger) fins. Accordingly, the addition of the coating on the surface of the 
radiator increases the emissivity and reduces the reflectivity significantly as compared 
to the base material of the radiator (heat exchanger). If the coating delaminates, the 
emissivity and reflectivity will be restored to their original values. 

10 

[0022] All objects radiate energy into a surrounding hemisphere as a 

function of 

W B =aT* 

where W B = radiated power (W/cm 2 ), a = Stefan-Boltzmann constant and T is the 
15 temperature in Kelvin of the object. While this equation applies to a perfect 
blackbody, for objects in the real world another equation must be used: 

W 5 =ecrT 4 

where the emissivity s is defined as the ratio of the actual emitted radiance, W, to 
the theoretical radiation of a perfect blackbody, s = W/W B . This emissivity is noted 

20 as a single number between 0 and 1 (the emissivity of a perfect blackbody = 1). 

[0023] The Forward looking infrared (FLIR) System ThermoCam 

PM595 was used to detect the presence of a coating on a radiator substrate. The FLIR 
ThermoCam PM595 camera uses an uncooled microbolometer to detect infrared 
radiation. For an object at uniform temperature having areas of different emissivities, 

25 (i.e., coated and uncoated areas) the infrared camera will see a false temperature 
difference between the coated and uncoated locations even though they are at the 
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same temperature. In normal operation, one would require uniform emissivity across 
the area of interest observed by the infrared camera to measure an accurate 
temperature. Here, this feature is exploited to detect areas of coated and un-coated 
substrate. 

5 [0024] Accordingly, an optical device that measures and tracks with 

time the electromagnetic surface properties, either the emissivity or the reflectivity, of 
the material forms the basis of a catalytic coating sensor. 

[0025] As will be apparent from the foregoing, the invention provides 

a method for detecting the presence of a coating on a heat exchanger of the type 
10 having spaced fins 12 having a electromagnetic surface properties different than the 
electromagnetic surface properties of the coating and defining at least one passage 
between the fins 12 wherein the method comprises the steps of detecting 20 
electromagnetic rays from the coating, establishing a predetermined benchmark for 
the electromagnetic rays, comparing 24 the electromagnetic rays to the benchmark, 

15 and providing a signal 26 in response to the electromagnetic rays crossing the 
benchmark. 

[0026] The method may be perfected by propagating light rays from a 

light source 18 through the passage between fins 12 and reflecting at least some of the 
light rays off the coating on the fins 12. The light may be ambient or from a light 

20 source, such as a light emitting diode. The method includes detecting reflected light 
rays reflected off the coating, establishing a predetermined benchmark for the emitted 
or reflected light rays, and comparing the light rays to the benchmark to provide a 
signal 26 in response to the light rays crossing the benchmark. The method may 
include the step of detecting direct light rays passing through the passage from the 

25 source without reflecting off the fins 12 and establishing the predetermined 
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benchmark by comparing the emitted or reflected light rays to the direct light rays to 
measure the ratio therebetween. The method may be perfected by measuring 
emissivity by detecting at least some of the light rays emitted from a coated section of 
the fins 12, detecting the un-coated light rays emitted from the un-coated section, and 
5 establishing the predetermined benchmark by comparing the light rays emitted from 
the coating to the light rays emitted from the un-coated section to measure the ratio 
therebetween. 

[0027] Obviously, many modifications and variations of the present 

invention are possible in light of the above teachings. The invention may be practiced 
1 0 otherwise than as specifically described within the scope of the appended claims. 



